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The technical results under this contract are presented in five reports. 
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XVI I 


SUMMARY 


The purpose and scope of the Cruise Performance Data Base Contract (NASI-I 387 I) 
are reviewed briefly in Section 1 of this document. Pertinent model and in- 
stallation details are then described briefly. Objectives of the force test 
are discussed and the run schedule is outlined. Data are presented for testing 
performed in two separate facilities. These are the Lockheed-Georgia Compress- 
ible Flow Facility (CFF) and Lockheed California 4x^ Blowdown Tunnel. For 
this type of test, the primary difference between the two facilities is test 
section size. The CFF test section is 50.8x71.1 cm (20 x28 in.) while the 
4x4 test section is roughly a square 122 cm (48 in.) on a side. The effects 
of a wide range of nozzle geometric variations are covered by the data. Nozzle 
aspect ratio, boattail angle and chordwise position are among the more important 
parameters investigated. Both straight and swept wing aircraft configurations 
were simulated. Each of the study configurations was tested across a range of 
nozzle pressure ratios, lift coefficients and Mach numbers. 
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1.0 INTRODUCTION 


In early 1975, the NASA awarded a contract (NASI-I 387 I) to the Lockheed- 
Georgia Company for the acquisition of a high-speed, experimental data base 
for aircraft configurations featuring nacelles mounted on the upper wing 
surface. This design concept, known as USB (upper-surface blowing), had 
received earlier, experimental endorsements as a viable means of achieving 
moderate-to-good powered lift performance along with beneficial noise re- 
duction in the STOL environment. In the interest of further development of 
the USB-system, the contractual work performed by the Lockheed-Georgia Company 
emphasizes an exploratory investigation of the transonic cruise character- 
istics of USB nacelle-wing combinations. Included in the Program Plan is the 
commitment to perform three dimensional force tests of a selected range of 
nacelle/wing/fuselage combinations. This effort is an important part of the 
Task II, Cruise Performance Data Base, which is described in CR-3193. The 
force test results provide comparative values of total configuration perfor- 
mance parameters not readily obtained in any other way. They also provided 
a basis for correlation of the analytical and pressure data, as performed in 
CR- 159136 , Program Analysis and Conclusions. 
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2.0 SYMBOLS 


Dimensional data are presented herein in both the International System of 
Units (si) and the U. S. Customary Units. The measurements and calculations 
were made in the U. S. Customary Units. 


A 

A5 . 

AR 

BL 

b 

c 

c 

CD 

CDC 

CDm 
CGS = 

CGSC = 

CLm 

CMm 

Cy 

CVE 

CV5 

D 

Fa 

FGM 


area, cm^ (in.^) 

nozzle exit area, cm^ (in^) 

aspect ratio 

abbreviation for "boundary- 
model span, cm (in.) 
local wing chord, cm (in.) 
mean aerodynamic chord, cm 
nozzle discharge coefficien 
calculated nozzle discharge 
measured drag coefficient, 
specific gross thrust coeff 


1 ayer" 


(in.) 

t 


coeff i ci ent 
D/qooSw ^ 
id ent = (^ 


9H 

an 


)/(n^) 


w 


9 I 


Fgc Fg. 

calculated specific thrust coefficient = (rj — )/(rj — ) 

«ac 


measured lift coefficient, L/qcoS \7 

measured pitching moment coefficient, My/qj„S^ 

model gross thrust coefficient, Ff^/q^S^^ 

nozzle gross thrust coefficient, Ffjz/q^S;^ 

effective nozzle velocity coefficient = Vg/VQj 

nozzle throat velocity coefficient = VS|^^/Vsj 

drag, N(lb) 

axial force, N(lb) 

measured gross thrust, N (lb) 
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FGM/A5*PS0 


Fm 

Fn 

Fnz 

Hj/p<„,PT5M/PS0 

L 

My 

Myg.MYFS 


PSO 

PT4M/PSO 


PT5I/PSO 

^co 

Rn 

RPR 

Sw 

Wa 

X 

z 

a 

<5j 

n 


Isolated nozzle gross thrust parameter 
nozzle gross thrust Installed on wing, N(lb) 
normal force, N(lb) 

Isolated nozzle gross thrust, N(lb) 
jet nozzle total pressure, N/m^ (ib/ln.^) 
measured Jet nozzle exit pressure ratio 
lift, N(lb) 

model pitching moment about quarter chard, m-N (in. -lb) 

model pitching moment about quarter chord measured 
statically, m-N (in. -lb) 

freestream (tunnel) Mach number 

freestream static pressure, N/m^ (ib/ln.^) 

ambient static pressure, N/m^ (Ib/in.^) 

reference nozzle pressure ratio, based on nozzle Internal 
rake 


ideal jet exit pressure ratio 

freestream dynamic pressure, N/m^ (Ib/in.^) 

Reynolds number 

Reynolds number based on chord length 
Ram pressure ratio 
wing area, m^(ft2) 
airflow, N/sec (ib/sec) 

distance parallel to tunnel centerline, cm (in.) 

vertical distance, cm (in.) 

angle of attack, degrees 

jet deflection angle, degrees 


percent semi span 

jet turning efficiency. 
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3.0 MODEL AND INSTRUMENTATION DETAILS 


The basic objective of the model design effort was to develop a wing-nacelle 
arrangement which could accommodate a wide range of USB nozzle types for 
comparative evalution. An arrangement for metering smooth-profile, high- 
pressure air to the nozzle entrance was considered necessary. Means for 
obtaining force measurements with a high pressure air line bridging the 
balance were also required. 

3.1 Model Design 

To accomplish the desired objectives, the high-speed test configurations 

« 

were developed around two wing-body combinations with untapered wings swept 
0 and 25 degrees. These basic test vehicles could be combined in build-up 
fashion with a series of nacelle forebodies to form a wide range of powered 
or unpowered configurations. The choice of piped-in nozzle supply air over 
a powered simulator was made for simplicity and economy. A smooth flow 
profile at the nozzle entry was ensured by a choke plate with 0.159 cm (1/16 in.) 
diameter holes evenly distributed over the plate. The substitution of nacelles 
with other configuration designs, as well as conversion to the clean wing 
configurations, was made possible by the build-up design of the. nacelle pylon, 
and nozzle mounting block. 

Figure 1 shows an example of a 3-D swept wing force model installation in the 
CFF. Extensive filleting used to minimize the sharpness of the nacelle-wing 
junctures is evident in the photo. A 3“D straight wing force model install- 
ation in the Lockheed California 4xA wind tunnel is pictured in Figure 2. 




Subscripts 


c 


calculated 

i 


ideal 

m 


measured 

STA 

5 

represents nozzl 

STA 

6 

represents fully 


e exi t condi tions 
-expanded flow 



USB CRUISE PROGRAM 



Figure 1. Dual D-duct installation on 3"D 
swept wing force model in CFF. 


Figure 2. AR4 nozzle installation on 3~D 

straight wing force model in 4x4. 
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Except for the size of the test section, the setup was essentially the same 
here as for the CFF. 

Basic planforms for the straight and swept wing models are shown- in Figures 
3 and In both cases the planform area is 898 cm^ (139-2 in.^). Although 
locations of the surface static pressure rows are pictured, they were not 
hooked up during the force test phase of the program. 

Details of the fuselage half-body installation are shown in Figure 5- The 
major portion of the fuselage, including forebody and afterbody, is identical 
for both straight and swept wings. A hollow center insert, however, as rep- 
resented by the dashed line, is changed when a wing change is made. Spacing 
from the tunnel wall is set by a half-inch thick boundary layer plate 
represented by the section lines in A-A. 

A table, shown in Figure 6, has been prepared to summarize the various model 
components and symbol designations. The symbol designations are used herein 
for defining configurations in run schedules and plot labels. Where 
practical, the designations selected are the first letters of the component 
names. For instance, F is for fuselage, W for wing, P for pylon, C for cowl 
(forebody), and N for nozzle. Subscripted numbers identify different 
variations of a given configuration type. 

Key dimensions for all of the test nozzles are presented in the table of 
Figure 7- Four primary variables were used to establish the matrix of test 
nozzles. These were relative size, aspect ratio, discharge location, and 
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USB CRUISE PROGRAM 


UNSWEPT WING DESIGN - Wi 

STREAMWISE SECTION, t/c = 16% 
CHORD = 7 in. 



Figure 3 . Straight wing planform and instrumentatian layout 



UNSWEPT WING DESIGN . W2 

STREAMWISE SECTION, t/c = 14.5% 
CHORD = 17.8cm (7.0 in.) 



1 1 


Figure 4. Swept wing planform and instrumentation layout 
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USB CRUISE PROGRAM 


*FUSELAGE FINENESS RATIOS, -t/d 

NOSE = 2.57 
CENTERBODY = A.l/| 

AFT-BODY = 3.00 
OVERALL = 3.71 

^EXCLUDES B.L. PLATE 



Figure 5. Force model fuselage with provision for mounting either 
straight wing or swept wing 



USB CRUISE PROGRAM 


COMPONENT 

TYPE 

FUSELAGE 


COMPONENT DESCRIPTION 


DESIG- 

NATION 



NACELLE I Short Foired Forebody for Stroight '.Vmg 

! Long Faired Forebody for Straight '.Ving 
■ Long Faired Forebody for Swept V/ing 
F lov^ -Thru Forebody for Straight V/Ing 
Streamline Forebody for Stroight '.Ving 
. Streamline Forebody for Swept '.Ving 
I Upstream Pipe Forebody for Lorge Nocelle 
j Upstreom Pipe Forebody for Intermediote Nocelle 


nozzle j Large D-Duct Nozzle Pipe Mounted 

i Intermediate Long Circulor Nozzle, .Ving & Pipe Mounted 
j Intermediate Long D-Duct Nozzle, ing & Pipe Mounted 
. I Intermediate Long High AR Nozzle, A'ing & Pipe Mounted 

j Intermediate Very High AR Nozzle, •‘.Tng & Pipe Mounted 
Small Streamline Nocelle Nozzle, Stroight .Ving 
Small Streomline Nacelle Nozzle, Swept .‘.Ing 



Figure 6. Summary of model and test hardware components (Sheet 1) 















USB CRUISE PROGRAM 


COMPONENT 

TYPE 

COMPONENT DESCRIPTION 

NO. 

REQD. 

NE'.V 

EXISTING 

desig- 

nation 

nozzle (cont'd) 

Small D-Duct Nocelle Nozzle, S'^ept V. ing 

2 

X 


I 2 

,^8 ^ ^8 


Large Circular Nozzle, Pipe Mounted 

1 

X 


^9 


Large Very High AR Nozzle, Pipe Mounted 

I 

X 


^10 


Smoli Circular Nozzle, Swept Wing 

1 

X 


^11 


Small High AR Nozzle, Swept Wing 

1 

X 


'^12 


Small Very High AR Nozzle, Swept '.VIng 

1 

X 


^13 


Intermediate Short C*rculof Nozzle, Discharge ot 20°o C 

1 


X 

n,e 


Intermediate Short Circular Nozzle, Discharge at 35^o C 

1 


V 

Nj, 


Intermediate Short D-Duct Nozzle, DIschorge at C 

I 


X 

^3 e 


Intermediate Short High AR Nozzle, 
Discharge at 35^o C 

) 


X 

N4 e 


Intermediate Long D-Duct Nozzle Extension 

3 

X 


X,.X2,X3 


Intermediate Long Clrculor Nozzle Flow Deflector 

1 

X 


D 

1 


Large Spacers to Position Pipe Nozzles 


X 


L, ,12-1-3 


Intermediate Spacers to Position Pipe Nozzles 

3 

X 




Transition Adapter for Pipe Areo Change 

I 

X 


4 


Constont Area Adapter for Pipe Nozzle 

1 

X 


4 


Choke Plates for Smoll Nozzles 

2 

X 




Choke Plote for Intermedlote Nozzles 

1 


X 

4 


Choke Plote for Lorge Nozzles 

1 

X 


4 

INSTRUMENTATION 

3 Rows Additional Pressure Tops, Strolght Wing 

30 

X 


R,,Rj,R 3 


3 Rows Basic Pressure Taps, Strolght V/Ing 

61 


X 

4' D 6 


6 Rows Pressure Tops, Swept Wing 

91 

X 


R,-R,2 


Nozzle Afterbody Pressure Tops (5 Nozzle) 

20 


X 

'^ 13 '46 


Nozzle Afterbody Pressure Tops {5 Nozzle) 

70 

X 


'^ 17 ' 4 o 


Duct Plenum Pressure Tops (1 \Ving Block) 

1 


X 

P'l 


Duct Plenum Pressure Tops (1 'Wing Block) 

2 

X 


P' 2 'P ’3 


57 Tube Calibration Poke for All Nozzles 

1 

X 


°1 


214 Tube Wake Poke for Drag Meosurements 

2 

X 


4 


•Orifice Pressure Taps for Flow Meosurements 

3 


X 

P' 4 'P '5 

TEST HARDWARE 

Double V/aH Upstream Pipe for Lorge Nozzles 

' 

X 


4 


Motor Driven Troverse for Woke Pokes 

1 

X 


4 : 


WoH Fitting for Straight & Swept Wings, Upper End 

1 

X 


1 


Straight & Swept WIng-to-Floor Bdonce Adopters 

1 

X 


boj ,bo2 j 


Floor Porosity Disc for Both\.VIngs 

1 

X 




Basic Wall Plates for Strolght Wing 

2 


X 

''Pl'"P2 1 


Basic V/all Plates for Swept Wing 

2 

X 


-63,-94 


Orifice Assembly & Air Supply Piping 

1 


X 



Orifice Plate foi Intermedlote & Small Nozzles 

1 


X 

°i 


Orifice Plate for Large Nozzles 

I 



X 


°2 

_J 


Figure 6. Summary of model and test hardware components (Sheet 2) 
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USB CRUISE PROGRAM 


GEOMETRIC 

RELATIVE 

SIZE 

ASPECT 

RATIO 

DISCHARGE 

LOCATION 

BOATTAIL 

ANGU 

NOZZLE 

LENGTH 

MAXIMUM 

DIAMETER 

NOZZLE 

AREA 

WINGS 

MOUNTING 

NO. 

nozzIe PARAT^ER 

DESCRIPTION 

^^/An 

AR 

k/c 

s~ DEG 

cm 

(in) 

cm 

(in) 

2 

cm 

(in^ 

STRAIT 

SWEPT 

PIPE 

WING 


LARGE D-DUCT, LONG 

12 

2.5 

0.1 -0.5 

9.0 

28.915 

11.384 

9.088 

3.578 

26.923 

4.173 

X 


X 


-z 

INTERMED. CIRCL., LONG 

24 

1.25 

0.35 

5.90 

20.447 

8.050 

6.426 

2.530 

13.464 

2.087 

X 

X 

X 

X 

^3 

INTERMED. D-DUCT, LONG 

24 

2.5 

0.35 

9.0 

20.447 

8.050 

6.426 

2.530 

12.935 

2.005 

X 


X 

X 

-4 

INTERMED. HIGH AR, LONG 

24 

4.0* 

0.35 

11.0 

20.447 

8.050 

6.426 

2.530 

13.464 

2.087 

X 


X 

X 


INTERMED. VERY HI-AR, LONG 

24 

6.0* 

0.35 

12.5 

20.447 

8.050 

6.426 

2.530 

13.464 

2.087 

X 


X 

X 

-6 

SM. STRMLIN. D-DUCT, LONG 

48 

2.5 

0.35 

9.00* 

14.458 

5.692 

4.544* 

1.789* 

6.729 

1.043 

X 



X 


SM. INBO. D-DUCT, LONG 

48 

2.5 

0.20 

9.50 

11.791 

4.642 

4.544 

1.789 

6.729 

1.043 


X 


X 


SM. OUTBD. D-DUCT, LONG 

48 

2.5 

0.20 

9.50 

11.791 

4.642 

4.544 

1.789 

6.729 

1.043 


X 


X 

N, 

LARGE CIRCULAR, SHORT 

12 

1.25 

0.1 -0.5 

12.00 

28.915 

11.384 

9.088 

3.578 

26.923 

4.173 

X 

X 

X 


NiO 

LARGE VERY HI-AR, LONG 

12 

6.0* 

0.1 - 0.5 

12.50 

28.915 

11.384 

9.088 

3.578 

26.923 

4.173 

X 


X 


Nil 

SMALL CIRCL., SHORT 

48 

1.25 

0. 10 

12.00 

10.013 

3.942 

4.544 

•1.789 

6.729 

1.043 


X 


X 

'^12 

SMALL HI-AR, LONG 

48 

4.0^ 

0.35 

11.00 

14.458 

5.692 

4.544 

1.789 

6.729 

1.043 


X 


X 

^13 

SMALL VERY HI-AR, LONG 

48 

6.0* 

0.50 

11.00 

17.125 

6.742 

4.544 

1.789 

6.729 

1.043 


X 


X 

N|E 

INTERMED. CIRCL., SHORT 

24 

1.25 

0.20 

16.78 

9.629 

3.791 

6.426 

2.530 

12.813 

1.986 

X 



X 

"^2E 

INTERMED. CIRCL., SHORT 

24 

1.25 

0.35 

16.78 

12.296 

4.841 

6.426 

2.530 

12.813 

1.986 

X 



X 

^3E 

INTERMED. D-DUCT, SHORT 

24 

2.5 

0.35 

24.52 

12.296 

4.841 

6.426 

2.530 

13.464 

2.087 

X 



X 

^4E 

INTERMED. HI-AR, SHORT 

24 

4.0* 

0.35 

35.88 

12.296 

4.841 

6.426 

2.530 

13.464 

2.087 

X 



X 


* THESE ASPECT RATIOS ARE EXPRESSED fOR EQUIVAIENT RECTANGULAR NOZZlf CROSSECTIONS 

* APPROXIMATELY EQUIVALENT DIMENSIONS FOR NON-CIRCULAR, NON-SYMMETRIC NACELLES 


Figure 7. Key dimensions for nozzles in tesf matrix 




boattail angle. Relative size was expressed by the parameter which 

relates the square of the wing chord to the nozzle area. Three relative 
sizes, 12, 2k and ^8, were included in the program. Nozzle aspect ratios 
varied from 1.25 (circular) to 6.0. Chordwise discharge positions varied 
from 10 to 50 percent, with 35% being the baseline value. For the nozzle 
designed with the combination circular-arc, straight line contours, boattail 
angles ranged from 6 to 13 degrees. Boattail angles for the "E" nozzles, 
however, ranged from 16 to 36 degrees. The wings to which each of the 
nozzles are matched and the applicable mounting arrangements are also 
presented in the table. 

3.2 Data Acquisition System 

Model forces were measured in the OFF by means of a 5“Component, floor 
mounted balance. It could measure lift, drag, pitching moment, rolling 
moment, and yawing moment. High pressure air was provided to the model by 
means of a dual-opposed bellows arrangement. 

A wall mounted 6-component balance was employed in the k x. k for force 
measurement. Its basic design and air ducting arrangement was essentially 
similar to the system used in the CFF. 

Airflow was metered by means of a-calibrated rake installed in each nozzle 
just downstream of the choke plate. Calibration curves for each nozzle 
were developed in a separate test conducted earlier in the program. 
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k.Q TEST DESCRIPTION 


Both the pressure and force test phases of the USB Cruise Program were 
formulated around the use of minimum-cost, powered models in a porous wall, 
blowdown test facility. This combination permitted a test program covering 
a comprehensive series of test configurations and parameter variations over 
an extensive range of test conditions. Tests were conducted in both the Lock- 
heed-Georgia CFF and the Lockheed-Ca 1 i forn ia kx.h blowdown tunnels. A facility 
description is contained in Reference 2. 

4.1 Test Objectives 

The principal objective of the force test program was to generate a lift/ 
drag data base sufficiently broad to accurately evaluate the potential of 
USB systems for cruise propulsion. In cases where a decision has been made 
to employ USB for its terminal area performance benefits, the data would 
need to be suitable for designing an installation with low cruise drag. An 
important goal was to obtain data which can be used to generate parametric 
curves describing the effects of systematic changes in key design variables. 

4.2 Run Schedule Summary 

The USB force test program can be broken down into two major efforts. The 
first of these, which is summarized in Figure 8, was conducted in the Lockheed 
Georgia CFF and consisted of tests 20 and 21 covering the straight and swept 
wing configurations, respectively. All configurations were included in this 
part of the program. In the second effort, which is summarized in Figure 9, 
selected configurations from the first were tested in the Lockheed California 
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USB CRUISE PROGRAM 






r 




ANGLE OF 

NOZZLE 


TEST 

CONFIGURATION 

CONFIGURATION 

IfSI 

RUN 

MACH NO. 

ATTACK 

PRES. RATIO, 


DESCRIPTION 

DESCRIPTION 

DEFINITION 

NO. 

SERIES 

NOS. 

M^ 

a~ DEG 

H/P. 

REMARKS 

Wall Interference, 

3-D, Cleon Swept Wing-Body 

F W 
2 2 

20 

0 

1 -569 

0.5 - 0.82 

-1 to5 


R from 3.5 to 7.0 x loVc 
N 

Lift & Drag Forces 









Plus Momersts 







• 


Porosities from 2 to 5% 

Lift & Drag, Forces 

3-D Swept Wing-Body 









& Moments 

+ Outbd. O-Ouct Nacelle 

f2'^2“s'’9S 

20 

I 

1 - 171 

Stotic + 0.6 - 0.82 

1 to 5 

1.0 - 3.0 

Run No, 171 is Oil Flow 



+ 2D-Duct Nacelles 

'"2''^2®5,6V 10^3,4 ' ^8^ 



2 

172 - 255 

Static + 0.6 - 0.75 

1 to 5 

I.O - 2.9 

Run Nos. 254 & 255 are Oil Flow 



* Inbd. D-Duct Nacelle 




3 

256 - 335 

Static + 0,6 - 0.75 

1 to 5 

1.0 - 3.0 




+ Circular Nocelle 

F W BjP^C N 



4 

336 - 453 

Stotic + 0,6 - 0.8 

1 to 5 

1.0 - 3.5 

Run No. 453 is Oil Flow 



+ AR 4 Nacelle 

^2-2V9S-.2 



5 

454 - 538 

Static + 0.6 - 0. 75 

1 to 5 

1.0 - 3.2 

Run No. 538 is Oil Flow 



+ AR 6 Nacelle 

F W BjP^CjN 



6 

539 - 647 

Stotic + 0.6 - 0.75 

1 to 5 

1.0 - 3.3 




+ AR 6 Nqc . & Mid-Flap 5°Down 

^2-2B3^9S-.3A 



7 

648 - 687 

Static +0,6 - 0.78 

1 to 5 

I.O - 3.4 




+ AR6Nac. & Mid-Flap 5°Up 

*^2 '^2 °5 ^9 ^3 ^13B 



8 

688 - 754 

Static + 0.6 - 0.78 

1 to 5 

I.O - 3,4 




+ Short Pylon & Flow- Thru Nac. 

F W B2P5C N 



9 

755 - 810 

0.6 - 0.8 

1 to 5 


Run Nos. 809 & 810 ore Oil Flow 



+ Long Pylon & Flow-Thru Nac. 

^2W,B,P,SN, 



10 

811 -857 

0.6 - 0.8 

1 to 5 





+ D-Duct Nacelle, Inboard 




11 

858 - 971 

Static +0.6-0.75 

I to 5 

1.0-3. 2 




4 2D-Duct Nocelles 

''2'^2®5,6’’9,lo‘-3,4*^8 *^8 



12 

1 - 132 

Static + 0,6 - Oi.78 

1 to 5 

I.O - 3. 1 




+ D-DuCt Nacelle, Outboard 

F2W2B5P9C3 Ngl 



13 

133 - 165 

0.6 - 0.8 

1 to 5 

2.6 - 3.6 




+ D-DuCt Nac. with Fillet Reshaped 

f2^2'>5^9AS 

T 

14 

166 - 185 

0.77 

1 to 4 

1.0 - 3.6 

Run No. 166 is Oil Flow 

1 Lift & Drag, Forces 

3-D, Clean Straight Wing-Body 

F,W, 

21 

0 

1 -60 

0.5 - 0.76 

1 to 5 



& Mom 

ents 

+ Short D-Duct Nacelle 




1 

61 - 186 

Static + 0.5 - 0,72 

1 to 4 

1,0 - 3.2 

Run No. 115 is Oil Flow 



+ AR 4 Nacelle 

F, W, B, P, C, 



2 

187 - 306 

Static +0,5 - 0.72 

1 to 4 

I.O - 3.2 




+ Circular Nacelle 

F,W, B4P,C, 



3 

307 - 416 

Static + 0.6 - 0.72 

1 to 4 

1.0 - 3.2 




-t Short Circulor Nacelle 

f,W,B,P,C,N 



4 

417-524 

Static + 0.6 - 0.72 

1 to 4 

1.0 - 3.2 

Run Nos. 523 & 524 oi*e Oil Flow 



+ Long D-Duct & Deflector 




5 

525 - 629 

Static +0.6 - 0.72 

1 to 4 

1.0 - 4.0 

Run No. 666 is Oil Flow 



+ Lorsg D-Duct without Deflector 

'=1^ B7'’8SN3B 



6 

630 - 744 

Stotic + 0.6 - 0,72 

1 to 4 

1.0 - 3.2 

Run»No. 665 is Oil Flow 



-t Long AR 4 Nacelle 




7 

745 - 845 

Stotic + 0,6 - 0.72 

1 to 4 

I.O - 3.0 




+ Long AR 4 Nac. with Fillet 
Removed 

F,W, B^PgCjN^^ 



8 

846 - 851 

0.70 

1 

1.0 - 2.8 




+ Long AR 6 Nocelle 




9 

852 - 961 

Static + 0.6 - 0.72 

1 to 4 

1.0 - 3.0 

Run No. 961 Is Oil Flow 



+ Lortg AR 6 Nac, with Fillet 
Removed 

fl'"l®7'‘8<=2^5A 



10 

962 - 981 

0.68 

1 to 4 

1.0 - 2.6 




+ Lor>g Circulor Nocelle 

F,W,B7P8CjN3 



11 

I -92 

Stotic +0.6-0.72 

1 to 4 

1.0 - 3.0 




+ Flo-Thru Inlet 

f 1 '"1 ‘>7 '’8 S *^2 



12 

93 - 128 

0.50 - 0.75 

1 to 4 


Ron No. 128 Is Oil Flow 



■t Flo-Thru Inlet + Short Pylon 

^W,B,P,SN3 



13 

129- 158 

0.50 - 0.75 

1 to 4. 


Run No. 158 is Oil' Flow 



+ Flo-Thru Inlet + Long Pylon 

F,W, B, P3C5 Nj 



14 

159 - 194 

0.50 - 0.75 

1 to 4 


Run No. 159 is Oil Flow 



* Streamlined Nacelle 

F| W| B, P|2 Cg Ng 



15 

195 - 257 

Static + 0.6 - 0.72 

1 to 4 

1.0 - 4.0 




+ Streamlined Nac. + Pylon Fillet 

flW, '*9^2^^6^ 



16 

258 - 370 

Static + 0.6 - 0.72 

1 to 4 

1. 0-3. 2 




* Long Circular Nacelle 

F,W,B^P8C3 N3 



17 

371 - 385 

Static 

0 




NOTES: (I) - 3.5 X loVc, except where noted. (2) Waft porosity = 5% for force tests ond 4% for pressure tests, except os noted. 


Figure 8. Run schedule summary for CFF force tests 




USB CRUISE PROGRAM 


TEST 

DESCRIPTION 

CONFIGURATION 

DESCRIPTION 

CONFIGURATION 

DEFINITION 

1 

EST 

RUN 

NOS. 

MACH. NO. 
PU 

ANGLE OF 
ATTACK 
a ~ DEG. 

NOZZLE 
PRESS. RATIO 
Hj/P„ 

REMARKS 


SERIES 

Cal ibrat ion t 

3*D rie.in Straight Wlnq-Body 


1 

1 

1 

■ 

BQ 

Static 

0 

1.6 - 3.0 

Static £ Flow Tares Investigated 



+ Short D-Duct Nacelle 


1 

■ 

■ 

■ 

■H 







Lift t Drag , Forces 

3-D Clean Straight Wing-Body 

F W 

1 

1 

■ 

■ 

82 - 88 

0.6 - 

0.72- 

0 to 5 



£ Monients 


+ Short Pyl. £ Flo-Thru Cir. Mac. 

f,«,b,p,C5N2 

1 

1 

■ 

■ 

89 - 96 

0.6 - 

0.74 







+ Integr. Flo-Thru Cir. Nac. 


1 

1 

■ 

m 

125 - U2 

0.6 - 

0.72 





Calibration 1 

3"D Clean Straight Wing-Body 

F,W|B/8'=2''2 


1' 

1 - 84 

Stat ic 

0 


Runs 70 4 73 "8l were made using 

Tares 


* long Circular Nacelle 


1 

■ 








■HI 

nozzle isolation rig 

Li ft £ Or 

ag, Forces 

3-D Clean Straight Wing-Body 

F,W, 


■ 

■ 

■ 
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Figure 9- Run schedule summary for 4x4 force tests 

















































kxk wind tunnel. This was also a two-part effort with test numbers assigned 
by the facility as 3^5“l and 3^5-11. Calibration and tare runs, plus clean 
wing and flow-through configuration tests were made in Part I. The selected 
power configurations were included in Part II. 
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5.0 STRAIGHT WING TEST RESULTS 


The presentation of the. straight wing force data is divided into 5 parts. 

The basic clean wing-body is presented first followed by special sets of data 
taken for comparisons of the integrated with the pylon mounted nacelles and 
the fai red-over with the flow-through nacelles. Finally, the results of 
running the standard configurations for the basic parametric analyses are 
presented for the CFF and 4xA tests in that order. 

5.1 Clean Wing-Body 

Basic data for the clean wing-body are presented in Figures 10 through 12. 
These include lift, drag and pitching moment. Curves are presented for 5 
different Mach numbers to assure adequate coverage of the full test range. 
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5.2 Data For Pylon Mounted Versus Integrated Nacelle Comparison 

To perform a comparison of pylon mounted and integrated nacelle configurations, 
it was necessary to run the flow-through versions of these two installations. 
This was true because, in the pylon mounted configuration, it was not possible 
to supply the required high pressure air to the nozzle. The pylon mounted 
nacelle data are provided in Figures 13 and 14 while the integrated nacelle 
data are contained in 15 and 16. 

5.3 Data For Faired-Over Versus Flow-Through Nacelle Comparison 

In using the faired-over forebody nacelle configuration for power tests, it 
was assumed that the drag of this configuration would be essentially the same 
as that of a flow-through nacelle operating at design mass flow ratio. To 
prove this assumption, it was necessary to run the faired-over nacelle at 
flow-through pressure ratios and at least two Mach numbers for comparison 
with the identical configuration, but with an open forebody. Data for the 
faired forebody runs at flow-through pressure ratios are presented in Figures 
17 and l8. 
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012345 


a - DEGREES 


Figure 15 . ■ Variation of measured lift coefficient with 
angle of attack, R|ij(. = 3 . 5 x 10^ , Hj/poo=RPR. 
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CONFIGURATION F1W1B7P16C5N2 



Figure I 6 . - Variation of measured lift coefficient with measured drag coefficient, RfjQ = 3-5 x 10® , 
Hj/poo=RPR. 
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CONFIGURATION F 1 W 1 B 7 P 8 C 2 N 2 


INTEGRATED NACELLE WITH FAIRED FOREBODY ON STRAIGHT WING 



Figure 17. - Variation of measured lift coefficient with 
angle of attack, R^jq = 3- 5 x 10^ , Hj/p^=RPR. 
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USB CRUISE PROGRAM 

CONFIGURATION F 1 W 1 B 7 P 8 C 2 N 2 



Figure 18. - Variation of measured lift coefficient with measured drag coefficient, 
Rnc = 3.5x 106, Hj/pco=RPR. 



5.4 Results From CFF Tests, Standard Configurations 


Data for those straightwing configurations tests in the CFF only are presented 
in Figures 19 through 34. The data are presented as measured and contains nozzle 
thrust forces. Nozzle pressure ratios typically range from 1.4 to 2.6 and, in 
some cases, up to 3.0. A complete discussion of how these data have been recon- 
ciled with that obtained from the 4x4 is contained in Reference 3. 

5.5 Results From 4x4 Tests, Standard Configurations 

Data for all straight wing configurations tested in the 4 x 4 are presented in 
Figures 35 through 102. Ranges of variables are essentially the same as those 
obtained for the CFF data. 
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Figure 20. - Variation of measured lift coefficient with 
angle of attack, R|,jq = 3. 5 x 10^ , M<x> = 0.60. 


32 







USB CRUISE PROGRAM 



.6 


.5 


.ii 


.3 


.2 


. 1 


0 


CONFIGURATION FiWiB7PgC2N3g 
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Figure 22. - Variation of measured lift coefficient with 
angle of attack, RfjQ = 3* 5 x 10^ , Moo = 0.68. 
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CONFIGURATION FiWiB7PgC2N3g 
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Figure 2k. - Variation of measured lift coefficient with 
angle of attack, Rnc“3.5x10®, Moo = 0.72. 
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Figure 26. - Variation of measured lift coefficient with 
angle of attack, R|»jq = 3. 5 x 10^ , M« = 0.60. 
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Variation of measured lift coefficient with 
angle of attack, = 3» 5 x 10^ , Moo = 0,68. 
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STRAIGHT WING & SHORT CIRCULAR NACELLE @ x/c = 0.35 
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Figure 29. Variation of measured lift coefficient with measured drag coefficient 
and nozzle pressure ratio, R^jq = 3.5x10^, M„ = 0.72. 
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Figure 3^. Variation of measured lift coefficient with 
angle of attack, Rfjp = 3* 5 x 10® , Moo = 0.72. 





Figure 36. Variation of measured lift coefficient with angle of attack and 
moment coefficient, M« = 0.60. 
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Figure k3. Variation of measured, lift coefficient with measured drag 
coefficient and nozzle pressure ratio, Moo = O. 7 O. 
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Figure ^ 6 . Variation of measured drag coefficient with nozzle pressure ratio, Ma> = O.7O. 





Figure kj . Variation of measured lift coefficient with measured drag 
coefficient and nozzle pressure ratio, Moo = 0.72. 
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Figure kS. Variation of lift coefficient and moment coefficient with nozzle pressure ratio, 
Mcx. = 0.72. 











USB CRUISE PROGRAM 



Figure 52. Variation of measured lift coefficient with angle of attack 
and moment coefficient, Moo = 0.60. 






Figure 53. Variation of lift coefficien 
nozzle pressure ratio, Moo = < 

























Figure 55. Variation of measured lift coefficient with measured drag 
coefficient and nozzle pressure ratio. Moo = 0.68. 
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Figure 56. Variation of measured 1 ift coefficient with angle of 
attack and moment coefficient. Moo = 0.68. 
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Figure 57* Variation of lift coefficient and moment coefficient with 
nozzle pressure ratio, Mo, = 0.68. 
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Figure 60. Variation of measured lift coefficient with angle of 
attack and moment coefficient, Moo = 0.72. 
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Figure 67- Variation of measured lift coefficient with measured 
drag coefficient and nozzle pressure ratio, Moo = 0.68, 
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Figure 68. Variation of measured lift coefficient with angle of 
attack and moment coefficient, Moo = 0.68. 
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Figure 70. Variation of measured drag coefficient with nozzle pressure ratio, Moo = 0.68. 
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n Figure 73. Variation of lift coefficent and moment coefficient with 

nozzle pressure ratio, Moo = 0 . 72 . 





















Figure 75. Variation of measured lift coefficient with measured drag 
coefficient and nozzle pressure ratio, Moo = 0.60. 
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Figure 88. Variation of measured lii 
attack and moment coeffi( 





lent coefficient 
























Figure 92. Variation of measured lift coefficient with angle of 
attack and moment coefficient, Moo = 0.68. 
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Figure 93. 


Variation of lift coefficient and moment coefficient 
with nozzle pressure ratio, M<» = 0.68. 
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Figure 9^. Variation of measured drag coefficient with 
nozzle pressure ratio, = 0.68. 
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Figure 99. Variation of measured 1 i ft coefficient with measured 

drag coefficient and nozzle pressure ratio, Moo = 0.68. 





























6.0 SWEPT WING TEST RESULTS 


The presentation of the swept wing force data is divided into 3 parts. The 
basic clean wing-body is presented first followed by data for the pylon 
mounted nacelle configuration. Finally, the results of running the 
standard configurations for the basic parametric analyses are presented. 

6. 1 Clean Wing-Body 

Basic data for the clean wing-body are presented in Figures 103 through 105. 
These include lift, drag and pitching moment. Curves are presented for k 
different Mach numbers to assure adequate coverage of the full test range. 
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6.2 Data For Pylon Mounted Nacelle Configuration 


To provide data for performing a comparison between pylon mounted and 
integrated nacelle configurations, it was necessary to run flow-through 
versions of these installations. Data for the short pylon mounted circular 
nacelle on the swept wing are presented in Figures 106 and 107. Test results 
for the integrated version of the short circular nacelle are contained in 
the next section. 

6.3 Results From CFF Tests, Standard Conf i gurations 

Data for the swept wing configurations as tested in the CFF are presented 
in Figures 108 through 137- The data are presented as measured and 
contain nozzle thrust forces. Nozzle pressure ratios typically range 
from 1.4 to 3-0, while Mach numbers extend from 0.60 to 0.73- 
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Figure 106. Variation of measured lift coefficient with measured 
drag coefficient, Rj^q = 3-5 x 10^ , Hj/poo = RPR. 
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CONFIGURATION F2W2B2P5C5N2 
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Floure 107 . Variation of measured lift coefficient with 
angle of' attack, RfgQ = 3.5x10^, Hj/poo = RPP. 
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Figure 110. Variation of measured lift coefficient with measured drag 
coefficient and nozzle pressure ratio, Rfjc = 3-5x10 , M^o 
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Figure 115. Variation of measured lift coefficient with angle 
of attack, R^^ = 3-5x10^, Moo = 0.60. 
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Figure 117 * Variation of measured lift coefficient with angle of 
attack, Rnjc = 3-5x10^, Mo, = 0.68. 
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CONFIGURATION F2W2B6PioC4Na^ 


SWEPT WING S D-DUCT NACELLE 



Figure 119- Variation of measured lift coefficient with angle 
of attack, Rj^jq = 3-5x10^, M„, = O. 73 . 
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Figure I2A. Variation of measured lift coefficient with measured drag 

coefficient and nozzle pressure ratio, Rfjc = 3. 5 x 10^ , M<n = 0.73 







.6 


.5 


.A 


CLm 

.3 


.2 


.1 


0 


F:igure 125. Variation of measured lift coefficient with angle of 
attack, R|(j 0 = 3-5x10®, Moo = 0-73- 
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Figure 130. Variation of measured lift coefficient with measured drag 

coefficient and nozzle pressure ratio, Rfjc = 3*5 x 10® , Moo = 0.73< 
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Figure 136. Variation of measured lift coefficient with measured drag 

coefficient and nozzle pressure ratio, Rnc = 3.5x10^, Moo = 0.73. 




7.0 NOZZLE CALIBRATION 


The nozzles designed for the USB Cruise Performance Program covered a wide 
range of types and shapes. To accurately determine the effects of install- 
ing these nozzles on upper surface blowing models, it was considered 
necessary to first obtain actual nozzle performance on an isolated basis. 
Static tests were later performed on the fully integrated wing-nozzle 
combinations. 

7.1 Basic Isolated Nozzle Performance 

The isolated test nozzles were calibrated using a rig set up in Lockheed- 
Georgia Low Speed Wind Tunnel. There were three sizes of test nozzles with 
aspect ratios which ranged from 1.25 to 6. Both forces and pressures 
were measured in separate sets of runs. Test dates were from 9-8 through 
9“19“75. Actual and ideal nozzle pressure ratio as well as thrust parameter 
were plotted versus reference pressure ratio for each of the test configura- 
tions. Discharge coefficients, velocity coefficients and various forms of 
thrust coefficients were also plotted. These are presented in Figures 138 
through 165. 
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Figure 138. Nozzle exit pressure ratio and thrust parameter versus 
reference pressure ratio, N 2 e* 
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Figure 1^0. Nozzle exit pressure ratio and thrust parameter versus internal 
reference pressure ratio, N 2 . 
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Isolated nozzle performance coefficients from static test rig, N 2 - 
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^ Figure 1^2 Nozzle exit pressure ratio and thrust parameter versus internal 

reference pressure ratio, N 3 . 
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Figure 1^3. Isolated nozzle performance coefficients from static test rig, N 3 . 
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Figure 1^4. Nozzle exit pressure ratio and thrust parameter versus internal 
reference pressure ratio, N 4 . 
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Figure 1^5 
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Figure 1^«6. Nozzle exit pressure ratio and thrust parameter versus internal 
reference pressure ratio, N 5 . 


CVS 


o\ 

M 


USB CRUISE PROGRAM 


BTK 

RIU 

cmrioumTiifi 

0 

17 

SAIX OX 

X 

19 

xin orr 


USB NOZZLES CflLIBRRTION 
N5 NEH INTERNEOIHTE RR=6 


CRLCULflTEO DISCHARGE 
COEFFICIENT 


EFFECTIVE VELOCITY 
COEFFICIENT 




0.35C 


S 


QRTE 

LINT 


SETT I97E 



DISCHARGE 
COEFFICIENT 
1-00 1 


D.aa -j 


B.ie i 


0>88 H 1 1 1 

1 B a 4 

PT4H/P80 


NOZZLE THROAT 
VELOCITY COEFFICIENT 


SPECIFIC OROSS 
THRUST COEFFICIENT 


CALCULATEO SPECIFIC 
THRUST COEFFICIENT 





Figure \kl . 


Isolated nozzle performance coefficients from static test rig, N 5 . 
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Figure 1A8. Nozzle exit pressure ratio and thrust parameter versus 
reference pressure ratio, N 3 g. 
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Figure l49. Isolated nozzle performance coefficients from static test rig, 
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Figure 150. Nozzle exit pressure ratio and thrust parameter versus internal 
reference pressure ratio, N 4 ^. 
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Figure 151. Isolated nozzle performance coefficients from static test rig, N 4 ^. 
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Figure 152 . Nozzle exit pressure ratio and thrust parameter versus internal 
reference pressure ratio, Nj^. 
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Nozzle exit pressure ratio and thrust parameter versus internal 
reference pressure ratio, Ng. 
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Figure 155. Isolated nozzle performance coefficients from static test rig, Ng. 
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Figure 156. Nozzle exit pressure ratio and thrust parameter versus internal 
reference pressure ratio, N 3 . 



CVS CDC 


USB CRUISE PROGRAM 


srn 

RUN 

COXriMlSBTION 

0 

26 

BUS OB 

X 

29 

Sira on 


USB NOZZLES CRLIBRflTION 

N3 NEH INTERNEOIflTE D-DUCT (MOD) 0.S5C 


OOTE 

LtUT 


SEPT tS7B 
ISO 


CRLCULRTEO OI8CHRROE 
COEFFICIENT 


EFFECTIVE VELOCITY ■ DI8CHRROE 

COEFFICIENT COEFFICIENT 





NOZELE THRORT 
VELOCITY COEFFICIENT 


SPECIFIC DROSS 
THRUST COEFFICIENT 


CRLCULRTEO SPECIFIC 
THRUST COEFFICIENT 





. Isolated nozzle performance coefficients from static test rig, N 3 . 


Figure 157 



PTBn/PSO OR PTBI/PSO 






USB CRUISE PROGRAM 



USB NOIELES CRLIBRflTIOH 

NBUI NEH SHALL 0-DUCT flR=E.5 O-EOC 


DBre 

LINT 


lETT IBTf 


CRLCULRTCO DtaCHRROE ErrECTlYE VELQCtTT OI8CHRROE 

COErPlCIENT COEFEtCIENT COEFFICIENT 



I 


4 


PT4H/P80 


PT4N/P60 


PT4N/P80 


NOZZLE THRORT 8PECIFIC 0R068 CRLCULRTCO EPECIFIC 

VELOCITY COEFFICIENT THRU8T COEFFICIENT THRU8T COEFFICIENT 



PT4N/P80 PT4H/P80 PT4H/P80 


Figure 159* 


Isolated nozzle performance coefficients from static test rig, 



PTSM/P80 OR PTBI/PSO 




cr> 


USB CRUISE PROGRAM 


BTH 

MM 

1 com'tiMniihQn 

0 

3J 

Bill <a 

X 

34 

SUM on 


CHLCULATEO OlBCHflROE 
coernciENT 


u 



USB NOI^ZLES CflLIBRRTION 

NBCSi iNEH SriRLL D-OUCT RR=e*5 O-BOC 


MTC BETT 1B7I 
LIMT IM 


errccTivc vcLociTT 



discHrroe 

COEFFICIENT 



NOEELE THRORT 
VELOCITY COEFFICIENT 


SPECIFIC GROSS 
THRUST COEFFICIENT 


CRLCULRTEO SPECIFIC 
THRUST COEFFICIENT 





2 

Figure l6l. Isolated nozzle performance coefficients from static test rig, N9 . 
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Figure I63. Isolated nozzle performance coefficients from static test rig, Nn- 
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Figure l65. Isolated nozzle performance coefficients from static test rig, Ni 2 * 



7.2 Summary of Nozzle Performance Coefficients, Isolated and Insta] led 


A tabulated summary of the essential performance coefficients for all the 
test nozzles is presented in Figure 166, sheets 1 through 5 - In addition 
to the thrust parameter, discharge coefficient and nozzle pressure ratio, 
the parameters which relate isolated to installed nozzle performance are 


included. These are turning efficiency, n^. (ETAT) , turning angle, 5^ 

and static moment, M (MYFS). Also included are nozzle areas. 

^s 


(DJ) 


The Isolated nozzle coefficients are taken directly from the plots pre- 
sented earlier. Turning efficiency, turning angle and static moment are 
data measured in a subsequent static test of the complete wing-nacelle 
configurations. Both sets of data are provided exactly as utilized in 
the basic data reduction program. 
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Figure 166. Summary of nozzle performance coefficients, 
isolated and installed. (Sheet 1) 
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Figure 166. Summary of nozzle performance coefficients, 
isolated and installed. (Sheet 2) 
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isolated and installed. (Sheet 3) 
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Figure 166, Summary of nozzle performance coefficients, 
isolated and installed. (Sheet 4) 
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Figure 166. Summary of nozzle performance coefficients, 
isolated and installed. (Sheet 5) 






















7.3 Nozzle Thrust Coefficients For Wind-On Data Reduction 

For many types of performance calculations it is more convenience to use 
thrust coefficient, C^, rather than thrust parameter as presented in 
Figure 166. Accordingly, thrust coefficients were calculated and plotted 
for each of the more common test pressure ratios and Mach numbers. These 
are presented in Figures I 67 through 178. 
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Figure 170 • Variation of nozzle gross thrust with 
Mach No. and pressure ratio, nozzle N2 
(ci rcular) . 
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Figure I7I • Variation of nozzle gross thrust with 

Mach No. and pressure ratio, nozzle N3g. 
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Figure 173 . Variation of nozzle gross thrust with 
Mach No. and pressure ratio, nozzle N 5 . 
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Figure' 174 . Variation of nozzle gross thrust with 
Mach No. and pressure ratio, nozzle 
NsWNa^. 
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Figure 175 . 


Variation of nozzle gross thrust with 
Mach No. and pressure ratio, nozzle . 
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Figure 176 . Variation of nozzle gross thrust with 

Mach No. and pressure ratio, nozzle Nn. 
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Variation of nozzle gross thrust with 
Mach No. and pressure ratio, nozzle Ni£. 


Figure 177 
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Figure 178 . Variation of nozzle gross thrust with 

Mach No. and pressure ratio, nozzle N 13 . 


8.0 OIL FLOW PHOTOGRAPHS 


In order to visually understand the complex flow phenomena which occur on 
the surfaces of the nacelle-wing interference regions, oil flow photographs 
were taken of most of the test configurations after the completion of each 
configuration series. The more interesting examples of these photos are 
presented in Figures 179 through 190. 
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Figure 182. Oil flow pattern, nozzle N 
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Figure 186. Oil flow pattern, nozzle , M«> = 0.75, Hj/poo = 2.6, a = 2.6°. 
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Figure I87. Oil flow pattern, nozzles N0^ S , 
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Figure 190. Oil flow pattern, pylon nxiunted nacelle with nozzle N 2 , 
Moo = 0.75, Hj/p^ = RPR, a = 2 . 6 °. 
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